Objetivo: to investigate the occurrence of GBS in the Metropolitan Region of Recife, PE, Brazil, 2015. Methods: this was a descriptive study using data from the Hospital Information System, National Pharmaceutical Services Management System and interviews; GBS cases were classified according to Brighton criteria and prior infection according to laboratory and clinical criteria. Results: in 2015, the number of GBS hospitalizations had a threefold increase in comparison to 2014. We investigated 44 confirmed or probable GBS cases, of which 18 had symptoms of Zika infection up to 35 days before the occurrence of GBS, mainly rash; one case was laboratory-confirmed for Zika virus infection and one death was registered. Conclusion: the findings reinforce a possible relationship between GBS and Zika infection, given the absence of increased GBS occurrence in previous dengue epidemic years, absence of chikungunya transmission records, presence of clinical manifestations compatible with infection and a laboratory confirmation.
Outbreak of Guillain-Barré syndrome possibly related to Zika virus

Introduction
Guillain-Barré Syndrome (GBS) is an autoimmune inflammatory monophasic polyradiculoneuropathy, characterized by rapid ascending evolution of limb weakness, almost always symmetrical, hyporeflexia or areflexia and cell-protein dissociation in the cerebrospinal fluid. The disease can reach the maximum severity in up to four weeks, with the development of respiratory failure in approximately 25% of cases. Of these, the majority recover completely; however, there may be serious consequences and deaths in up to 20% and 5% of cases, respectively. [1] [2] [3] [4] [5] [6] Following the elimination of poliomyelitis, GBS has become the largest cause of flaccid paralysis in the world, representing a serious public health problem whose incidence may vary from 0.4 to 4 cases per 100,000 inhabitants in different regions of the world. 4.6-9 GBS is diagnosed according to clinical presentation, electroneuromyography results and cerebrospinal fluid characteristics. 1 In addition to clinical support, treatment is based on intravenous immunoglobulin (IVIG) or plasmapheresis immunotherapy. 3.6 GBS is frequently preceded by an infection. There are also reports of GBS following vaccination or even after situations of stress induced by trauma, although both situations are considered rare and debatable. 5.10 The agent most commonly associated with the disease is the Campylobacter jejuni bacterium, followed by cytomegalovirus, Epstein-Barr virus (EBV), Mycoplasma pneumoniae, Haemophilus influenzae, influenza A virus, hepatitis B and E, and human immunodeficiency virus (HIV) infection. 3.6 Currently, there are also records of GBS associated with dengue, chikungunya and Zika virus infections. [12] [13] [14] In Brazil, even with the occurrence of dengue epidemics in different periods and regions of the country since 1984, and the introduction of chikungunya virus in 2014, no significant increase in GBS hospitalizations had been noticed. However, in the first half of 2015, with the confirmation of Zika virus circulation and the Zika virus epidemic, especially in the Northeast region, the Brazilian Ministry of Health was notified of the increase in hospitalizations due to neurological manifestations in Pernambuco State, including encephalitis, optic neuritis, myelitis, encephalomyelitis and GBS, whereby the latter accounted for more than 80% of cases.
Given the unusual characteristic of this event, the Pernambuco State Health Department (SES/PE) requested the support of the Secretariat of Health Surveillance (SVS) of the Brazilian Ministry of Health in the investigation of GBS cases among residents of the Metropolitan Region of Recife (MRR), the state capital, where the majority of the cases were concentrated.
The study sought to investigate the occurrence of GBS in MRR in 2015, and its possible relation with prior dengue, chikungunya or Zika virus infection.
Methods
This is a descriptive study, including records of GBS hospitalizations and probable cases (confirmed and under investigation) of dengue and/or Zika in Pernambuco between 2010 and 2015, in addition to GBS cases in residents and those hospitalized in the Metropolitan Region of Recife (MRR) between January and June 2015. This study period -January-June/2015 -was selected considering that rumors about the increase of GBS cases in Pernambuco began to occur in May 2015.
MRR is comprised of 14 municipalities and the Fernando de Noronha archipelago, covering an area of 2,703,064 km² and having a population of 3,890,145 inhabitants.
A retrospective search was conducted in order to identify cases through a review of Hospital Inpatient Authorizations registered on the Brazilian Unified Health System Hospital Information System (SIH/SUS) using code G.61.0 of International Statistical Classification of Diseases and Related Health Problems 10th Revision (ICD-10) for GBS; and by tracking individuals recorded on the National Pharmaceutical Services Management System (Hórus), who used IVIg for treatment of GBS, dispensed by SES/PE Central Pharmacy.
We reviewed the medical records of the identified cases. According to the information recorded, they were included -or not -in this study, according to Brighton criteria, which define five levels of certainty of Following the elimination of poliomyelitis, GBS has become the largest cause of flaccid paralysis in the world, representing a serious public health problem. Losses were considered to be individuals who received IVIg but for whom no Hospital Inpatient Authorization was found, those whose medical records were not found and those who were not at home or not answered the phone after three attempts to contact them at different times.
In order to diagnose virus infection prior to neurological manifestation, a search was performed for samples of serum, blood, cerebrospinal fluid (CSF), urine and feces of individuals studied, which were still stored at Pernambuco Central Public Health Laboratory (LACEN/PE) or at laboratories of facilities where these patients were hospitalized, this being material intended for etiological research. In addition, those who were still within the appropriate time interval for sample collection at the date of the interview could be submitted to new blood, urine and feces sample collection. The etiological research to be carried out was: a) IgM serology for dengue and chikungunya, to be performed at LACEN/PE using blood or serum samples collected between the 7th and 60th day after the date of onset of viral infection symptoms; b) DCZ virus isolation or RT-PCR , conducted by the Evandro Chagas Institute (run by the Health Surveillance Secretariat of the Brazilian Ministry of Health -laboratório de referência nacional para o diagnóstico de arboviroses), using samples of blood, cerebrospinal fluid and/or urine collected up until the 5th day after the onset of symptoms of prior infection; and c) detection of poliovirus, carried out by the Oswaldo Cruz Institute Foundation, Rio de Janeiro (Fiocruz/ RJ) on feces samples collected from children under 5 years of age, up to 14 days after the beginning of neurological manifestation. At all stages, a structured questionnaire was used as a tool for data collection. It was applied using tablets and included data on individual identification, clinical and epidemiological history, laboratory tests, hospitalization, as well as neurological data and data on prior infections. With regard to vaccination, data were collected from information reported by interviewees and they were not required to provide their vaccination cards.
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The variables studied were: a) Databases containing aggregated data (with no identification of the subjects) from the Notifiable Diseases Information System (Sinan Net and Online), provided by SES/PE, were used as a source of data for probable cases of dengue and Zika. It should be noted that at that time SES/PE opted to issue guidance that suspected cases of Zika were to be notified on dengue notification forms.
The analysis were performed with the aid of Epi Info™, version 7.1.5.2, and Microsoft Office Excel 2010®, by means of descriptive statistics and with results presented in the form of absolute and relative frequencies, measures of central tendency and dispersion, rates of incidence and prevalence.
The source used to calculate GBS incidence rates was the population estimate for July 1, 2015, whilst the source used to calculate incidence rates by age and sex was the 2012 intercensitary projection. Both sources were provided by the SUS IT Department (Datasus). 15 GBS incidence rates were calculated based on the ratio between the number of confirmed and probable cases and the resident population in MRR (per 100,000 inhabitants). The estimated prevalence of GBS cases with prior viral infection was calculated by the ratio between the cases of GBS with signs of infection and the number of confirmed and probable cases of GBS in the period studied, in percentages.
Before the interviews, participants were informed, verbally, about the purpose and methods of investigation, that their participation was voluntary and that confidentiality of information was guaranteed. The interview was conducted after verbal consent from each participant.
This study was conducted in the context of health surveillance actions, seeking to clarify an unusual situation which was considered to be a potential public health emergency, thus exempting it from submission to an Ethics Research Committee, as per National Health Council Resolution No. 510 of 7 April 2016.
Results
Pernambuco registered 31,395 probable cases of dengue in 2012, an epidemic year for dengue fever in that state, and 96 hospitalizations for Guillain-Barre syndrome. Between January and June of 2015, there were 66,488 registered probable cases of dengue and Zika and 128 GBS hospitalizations, three times more in relation to 2014 (N=43). When this investigation ended, no autochthonous cases of chikungunya had been recorded, thus indicating the absence of circulation of this virus in the Metropolitan Region of Recife (MRR) (Figure 1 ).
For the descriptive study in the MRR, the investigation started from 56 GBS cases hospitalized between 1 st January and 30 June 2015. Based on Brighton criteria, 12 cases were discarded, nine taken as probable and 35 were confirmed. Taking the 44 confirmed or probable cases, an incidence rate of 1.2/100,000 inhabitants in MRR was found. The rate was equal between the sexes. Incidence rates were higher in individuals aged 60 to 69 years (3.2/100,000 inhab.) and those living in Cabo de Santo Agostinho (2,1/100,000 inhab.), a municipality located 14 km from the capital, Recife (Table 1) .
Four cases were lost at the interview stage, resulting in 40 investigated cases, notified from 23/12/2014 to 19/06/2015, with a peak in epidemiological week 14(April) (Figure 2 ). Seventeen of them were classified as GBS cases with probable prior DCZ infection and one was confirmed, which corresponded to an estimated prevalence of 45%. Of these 18 cases, 10 were in the 40-59 year age range, with a median age of 44 years (range from 14 to 62 years) and equal distribution between the sexes ( Table 2 ). The symptom of infectious disease prior to the GBS most reported by individuals was rash (15/18). None of them reported an episode of diarrhea in the period studied. The median time between prior viral infection and the onset of neurological symptoms was 8 days (range of 0 to 35 days). Among the most frequently reported neurological signs and symptoms, muscle weakness was highlighted (17/18), followed by paresthesia (16/18), hyporeflexia and/or areflexia (15/18), progressing upward ( Figure 3) .
As to diagnosis, 16/18 cases had a record of the result of CSF analysis and showed a median of 127 mg protein/dL (range 35 to 245 mg/dL) and two cells/ mm³ (range 0 to 17 cells/mm3), with a median time of collection of eight days (range of 3 to 39 days) after the onset of neurological symptoms.
Most of the cases (13/18) had an imaging exam and/ or electro neurophysiological exam, in which 12 of these cases were submitted to computed tomography and 9/13 were referred to magnetic resonance imaging. They had normal results and neurological injury was discarded. Only 4/13 cases underwent electroneuromyography. All presented results compatible with GBS, according to clinical data registered by the physician in charge in their medical records.
The median length of hospital stay was 15 days (range of 4 to 39 days), 3/18 cases needed mechanical ventilation, and 14/18 were treated with IVIg with a median of 30 vials (range 15 to 40) per case.
Regarding the progression of the 18 GBS cases with probable prior DCZ infection, 1 of them died, 9 showed clinical improvement with reversible or irreversible sequels, and 8 progressed to overall improvement at the time of the hospital discharge.
In the 90-day period prior to neurological symptoms, only 3 of the 18 cases reported were vaccinated for influenza (1/3); HPV (1/3), and diphtheria and tetanus, MMR and hepatitis B (1/3). As to other possible etiologies, data was found in two medical records, with negative results for cytomegalovirus, Epstein-Barr virus and HIV. A search carried out for diagnoses made in the (Table 2) .
Discussion
The study confirmed the occurrence of an outbreak of GBS in Pernambuco in the first half of 2015, concomitant with the introduction of Zika virus in the Northeastern Brazilian states. The majority of cases interviewed in MRR presented evidence of probable dengue or Zika infection. As at the end of this study, there were no records of autochthonous chikungunya transmission in Pernambuco state.
GBS incidence of 1.2 cases per 100,000 inhabitants was within the global recorded range of incidence, according to studies mainly conducted in Europe and in North America, 6, 7, 16 and also studies conducted in Arab countries, 8 Asia, 17 Caribbean countries and India, 3 since the 1960s, although incidence was higher than that found by a study conducted in São Paulo between 1995 and 2002. 9 There was no difference in GBS incidence according to sex, despite being slightly more common in men. 7 As to age, incidence increased in more advanced age groups, which is to be expected due to the risk of exposure to the infectious agent being greater as age advances. 1, 4, 7 Incidence varied greatly among the different municipalities, what may possibly be related to higher degrees of exposure to infectious agents. 
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About 2/3 of GBS cases are associated with prior infection; however, the specific agent of infection is unknown in approximately 60% of these cases, showing the difficulty in identifying the organism possibly involved. 4, 8, 18 The prevalence of prior viral infection found in this study was 45%, corroborating the present report, especially when considering the oligosymptomatic and asymptomatic nature of dengue and Zika infections. 19 From January to June 2015, GBS with probable or confirmed prior DCZ infection affected men and women equally; and older age groups, similarly to the incidence rates found among the GBS hospitalizations in MRR mentioned earlier. The cases presented the characteristic GBS symptoms, which may be related to the case definitions used.
In the same way as the study conducted in a hospital in São Paulo between 1995 and 2002 we found that 20% of cases required mechanical ventilation while, other studies report a percentage of around 25% of individuals with GBS developing respiratory failure. 1, 9, 18 Deaths accounted for 6% of cases. This proportion is compatible with expected mortality: between 5 to 25% of cases. In our study, the proportion of deaths found remained close to the lower limit of the expected range, possibly due to the fact that most cases were admitted to a hospital specialized in neurology and received treatment with IVIg. 6.20 The status of clinical infection found coincided with the signs and symptoms most frequently found in cases of DCZ infection, reinforcing the hypothesis of the participation of these diseases as triggering factors of GBS. 21 As for the other etiologies investigated, all studied individuals who received vaccines showed signs and symptoms of a possible prior infection with dengue or Zika. Causal associations between vaccine and GBS may be suggested in individual cases, by temporal relation, but in the absence of previous infections. 6, 7, 22 The strongest association found so far is between GBS and prior C. jejuni infection. This bacterium has been found in between 25 and 50% of adult individuals and with greater frequency in Asian countries, followed by cytomegalovirus, Epstein-Barr virus and M. pneumoniae, according to studies conducted in Europe, Taiwan and Japan between the years 1990 and 2000. The fact that both individuals tested for cytomegalovirus, EpsteinBarr virus and HIV had negative results discarded the Moreover, none of them made reference to episodes of diarrhea prior to neurological manifestation. 17, 23, 24 There have been records of neurological manifestations secondary to dengue infection since the 1960s in epidemic regions, such as Asia, India and Latin America, with presentation of several neurological manifestations, including GBS. 14, 25, 26 However, no increase in GBS hospitalizations in Pernambuco was detected in epidemic years of dengue preceding the period studied.
In the literature, the first GBS cases associated with Zika infection were recorded in French Polynesia in 2013, and in Puerto Rico in 2016. In both regions, prior Zika virus infection was laboratory-confirmed, with rash being the symptom most reported by 81% and 53% of patients, respectively; the median time between infection and neurological symptoms in both events referred to was six days (range: 4-10 days) and 5 days (range: 0-17 days), respectively. 13.27 These main results are very similar to the clinical characteristics found in the MRR individuals described, e.g. rash reported by 
83% of patients and the median of eight days between infection and GBS symptoms. Among the limitations of our study, we highlight case underestimation. SIH/SUS is a health information system used only by public health services or hospitals linked to Brazilian Unified Health System, others GBS patients may have been hospitalized using another ICD-10 code and diagnosed later. The Horus system keeps no record of hospital, residential address or telephone number of case recorded on it, thus hindering their being located. The incompleteness of medical records may have hindered the more accurate description of the neurological syndrome and infections prior to GBS.
In terms of etiologic diagnosis, there was no opportunity to collect samples and send them for the laboratory tests as planned, nor did we find samples collected in advance and stored that could be used for the diagnosis of prior infection. In most cases, no results from earlier diagnoses were found.
After this, and other research in Brazil, 28 a national protocol was established for the investigation of GBS cases following DCZ infection. An analytical study was alsos developed with the objective of investigating the possible factors associated with the occurrence of GBS in Pernambuco.
A recommendation was made to SES/PE to include DCZ serologies in etiological examination of GBS cases, as per the protocol defined by the Brazilian Ministry of Health, and to establish a state-wide referral flow for electroneuromyography for GBS case confirmation. 
